Objective: Concomitant chemoradiation (RCT) represents the standard of care for locally-advanced nasopharyngeal carcinoma (NPC).Nevertheless induction chemotherapy (IC) followed by RCT is currently an attractive approach. Some trials showed a survival benefit of this therapeutic strategy. The aim of this study was to analyze complete clinical response (CCR) after IC and to assess its impact on disease control and survival.
Introduction

Materials and Methods:
From January 2008 to December 2014, 40 patients with locally advanced NPC were treated in our institute. All patients received IC with fluorouracyl-cisplatin (5 FU-CDDP) or fluorouracyl-cisplatin-Docetaxel (TPF) or Adriamycin-cisplatin (AD-CDDP). After IC, clinical response was evaluated, CCR was defined by a normal clinical and computed tomography examination. After IC, 14 patients received RCT and 22 patients received radiotherapy (RT) alone.
Conclusion:
Complete clinical response after IC followed by RCT in locally-advanced nasopharyngeal carcinoma is associated to a better local disease control without impact on survival.
Results: Our study included 25 men and 15 women with a median age of 41years. Tumor was classified T1 in 5% of patients, T2 in 27%, T3 in 20% and T4 in 48%. 80% of patients had involved nodes (N + ). Twenty patients received 5FU-CDDP, 16 received TPF and 4 received AD-CDDP. The occurrence of leucopenia was higher in the 5FU-CDDP (p<0.05) group. Gastrointestinal toxicity was higher in the TPF group (p<0.05). Anemia and thrombopenia were similar in the three groups. After IC, 18 patients (45%) achieved CCR, 7 of them had RCT and 11 had RT alone. 21patients (52%) achieved partial clinical response (PR) and 1 patient developed metastases. The CCR was higher in (5FU-CDDP) group (p>0.05). CCR followed by RCT was associated to better local control than RT alone. However, there was no benefit of overall survival in the CCR group compared to partial clinical reponse (PR).
Nasopharyngeal carcinomas (NPC) are mainly represented by undifferentiated carcinoma nasopharyngeal type (UCNT). NPC is a cancer with an extremely unbalanced geographical distribution. There are three levels of incidence: high 15-30 cases/100,000 inhabitants (Southern China, South East Asia), low 0.5-1/100000 inhabitants (Northern Europe, USA, Japan) and intermediate 3-12/100000 inhabitants in the Mediterranean Basin and North Africa. Tunisia has an intermediate incidence of NPC. EpsteinBarr virus (EBV) is correlated to NPC. This cancer has substantial responsiveness to both radiotherapy and chemotherapy [1, 2] .
To decrease the rate of locoregional failure and the risk of distant metastases, treatment has substantially evolved in the last two decades from surgery through RT to multimodal chemoradiotherapy (RCT).Current standard therapy for nasopharyngeal carcinoma (NPC) is platinum-based concurrent chemoradiation based on randomized data. However, conflicting data exist to support the addition of induction chemotherapy to RCT [3] [4] [5] .
The aims of our retrospectivestudy are to analyze the outcomes of a series of patients with locally advanced nasopharyngeal carcinoma (LA-NPC) treated with platinum based IC followed by RCT or RT , to evaluate the efficacy andtoxicity of this regimen, and to study the prognostic value ofcomplete clinical response for outcomes.
From January 2008 to December 2014, 40 patients with newly diagnosed histologically confirmed locally advanced NPC were treated in SALAH AZAIZ institute of oncology of Tunis,Tunisia. Baseline imaging included bone scan, chest X-ray, abdominal ultrasound, head and neck contrast-enhanced computed tomography Patients were staged according to the American Joint Committee on Cancer TNM 2010 (7 th edition). All tumors were classified T3-T4 and/or N + . All patients received induction chemotherapy. Three induction chemotherapy regimens were used: fluorouracyl-cisplatin (5 FU-CDDP), fluorouracylcisplatin-Docetaxel (TPF) with primary prophylaxis with granulocyte colony-stimulating factor (G-CSF) and Adriamycincisplatin (AD-CDDP). Schedules of induction chemotherapy are summarized in Table 1 . Tumor response to induction therapy was evaluated before commencement of RCT or RT by physical examination, nasopharyngoscopy (NP) and head and neck computer tomography (CT). Complete clinical response (CCR) was defined by a normal physical examination, normal NP and radiologic complete response. Radiologic response was assessed using computed tomography images based on Response Evaluation Criteria in Solid Tumors (RECIST). Then, 14 patients received concurrent chemoradiotherapy (RCT), 22 patients received radiotherapy (RT) alone. No patient received adjuvant chemotherapy. Three patients didn't receive neither RCT nor RT because of deterioration of general status . One patient had metastatic progression and received salvage chemotherapy.
Patients suitable for treatment with a TPF induction chemotherapy includedthose with a good performance status, no contraindication to cisplatin or taxanes, andhigh tumor volume(T 3 T 4 N 2 N 3 ). Other patients received(5 FU-CDDP) or (AD-CDDP) regimens.
Three dimensional (3D) conformal radiation therapy was used. Primitive tumor and clinically positive lymph nodes received 70 Gy and prophylactic neck lymph node levels were delivered to 50 Gy in 2 Gy/fraction, once a day, five times a week. After RCT,patients with a good performance status and good renal function received chemoradiotherapy .Patients with poor performance status or renal insufficiency received only radiotherapy. Schedules of RCT and RT are summarized in Table 2 .
Dose Schedule
weekly cisplatin 40 mg/m2 and RT : Primitive tumor and clinically positive lymph nodes received 70 Gy and prophylactic neck lymp node levels were delivered to 50 Gy in 2 Gy/fraction, once a day, five times a week chemoradiotherapy (RCT)
RT: Primitive tumor and clinically positive lymph nodes received 70 Gy and prophylactic neck lymph node levels were delivered to 50 Gy in 2 Gy/fraction, once a day, five times a week
Only radiotherapy (RT) In our study,the complete clinical response was higher in (5FU-CDDP) group (p>0.05). The occurrence of leucopenia was higher in the 5FU-CDDP (p<0.05) group because patients received G-CSF in the TPF group. However, gastrointestinal toxicity was higher in the TPF group (p<0.05). Anemia and thrombopenia were similar between treatment groups. 11% of registered toxicities were Grade 4 (especially with 5FU-CDDP). After induction chemotherapy, 14 patients had RCT, 22 patients had only RT alone, 1 patient developed metastases and had salvage chemotherapy and 3 patients didn't have neither RCT nor RT because of deterioration of general status. Treatment after induction chemotherapy is detailed in Table 5 .
Histologically, all tumors were undifferentiated carcinoma of nasopharyngeal l (type III WHO). Twenty patients received 5FU-CDDP, 16 received TPF and 4 received AD-CDDP. The median number of cycles of chemotherapy was three (2-4 cycles).The median period of treatment initiation was 1,72 months (0-8 months). Responses after induction chemotherapyare detailed in Table 4 . In the RCT arm (14 patients), median number of chemotherapy cycles (weekly CDDP) was four (2-5 cycles). Primitive tumor and positive lymph nodes received 70 Gy and prophylactic neck lymph node levels were delivered to 50 Gy (2 Gy/fraction, once a day, five times a week).
In the RT arm (22 patients) median radiation dose of primitive tumor andpositive lymph nodes was 70 Gy andprophylactic neck lymph node levels were delivered to 50Gy. (2 Gy/fraction, once a day, five times a week). Complete response after RCT was 85% and 77% after RT. Responses after RCT and RT are summarized in Table 6 . 
Discussion
Complete clinical response after induction chemotherapy followed by RCT was associated to better local control than RT alone. (85%vs 73%). Response to RCT was similar in the CCR and PR groups. However RT was associated to better local control in PR group than CCR group. The median overall survival in the complete clinical response group was: 38 months and was 30 months in partial response group. There was no benefit of overall survival in the CCR group compared to PR. (p=0.391).Comparison of OS between complete clinical response and partial response groups is showed in Figure 1 .
Tunisia is an area of intermediate incidence of nasopharyngeal carcinoma. (1-6 cases /100000) [6] . Therefore, defining the optimal treatment for patients with nasopharyngeal carcinoma is of the utmost importance.Treatment has substantially evolved in the last two decades. Current standard therapy for locally advanced (LA) nasopharyngeal carcinoma (NPC) is platinumbased concurrent chemoradiation. Although many trials demonstrated a benefit, induction chemotherapy is not a standard of care. Therefore, the effective population size of this study is relatively small. The majority of patients with LA-NPC in Tunisia received chemoradiation. In 1998, the phase III randomized intergroup study 0099 compared chemoradiotherapy to radiotherapy alone in patients with nasopharyngeal cancers. The investigational arm received chemotherapy with cisplatin 100 mg/m 2 on days 1, 22, and 43 during radiotherapy; postradiotherapy, chemotherapy with cisplatin 80 mg/m 2 on day 1 and fluorouracil 1,000 mg/m 2 /d on days 1 to 4 was administered every 4 weeks for three cycles. This trial concluded that chemoradiotherapy is superior to radiotherapy alone for patients with advanced nasopharyngeal cancers with respect to PFS and overall survival [10] . Another Phase III randomized trial conducted in Singapore between September 1997 and May 2003 showed that RCT followed by adjuvant chemotherapy in LA-NPC improved significantly distant metastasis control, disease -free-survival (DFS) and overall survival (OS) compared to RT alone [11] .
Epstein-Barr virus (EBV) has been long recognized as an etiologic agent of nasopharyngeal carcinoma [7] . Moreover, Many studies considered human papilloma virus (HPV) as a cause for NPC [8] . In our study, EBV status was accessed in few number of patients making data unexpoitable.We didn't access human papillomavirus status (HPV). Until mid-1990, RT was the standard treatment for all stages of NPC. Definitive radiation without chemotherapy was associated to a significant risk of local recurrences [9] .
A systematic review and meta-analysis of randomized trials (1753 patients) conducted in 2006 by Baujat and al compared cisplatin-based chemotherapy plus RT with RT alone in locoregionally advanced NPC. This meta-analysis concluded that patients receiving any combined modality therapy (neoadjuvant, concurrent, or adjuvant chemotherapy) have an absolute event-free-survival (EFS) and OS benefit with the highest benefit resulting from RCT (The pooled hazard ratio of death was 0.82 (95% confidence interval, 0.71-0.94; p = 0.006 and pooled hazard ratio of tumor failure or death was 0.76 (95% confidence interval, 0.67-0.86; p<0.0001) [12] . Radio-chemotherapy was consideredthe standard of care as is the case in Tunisia. In order to improve survival and disease control, many trials evaluated the induction chemotherapy followed by RCT. Toxicity was also assessed.These studies produced mixed results.
Conclusion
Induction chemotherapy followed by chemoradiation in LA-NCP carcinoma offers encouraging results. It doesn't be until today a standard of care. Complete clinical response after induction chemotherapycould be an interestingprognostic factor. This therapeutic stategy should be explored further in randomized settings in order to establish prognostic factors and to identify which patients benefit the most from IC/RCT.
The trial NPC-0501 evaluated the therapeutic gain by changing from concurrent-adjuvant to induction-Concurrent chemoradiotherapy, changing From Fluorouracil to Capecitabine, and changing from conventional to accelerated radiotherapy fractionation in patients with LA-NPC.Preliminary results indicated that the benefit of changing to an induction-concurrent sequence remains uncertain.Replacing fluorouracil with oral capecitabine warrants further validation in view of its convenience, favorable toxicity profile, and favorable trends in efficacy.Accelerated fractionation was not recommended for patients with locoregionally advanced NPC who receive chemoradiotherapy [17] . In our studythree regimens of IC were used. In the literature many trials compared different molecules and protocols of induction chemotherapyfollowed by RCT.The efficacy of docetaxel-cisplatin (TP) as induction chemotherapy regimen on NPC was similar to that of 5 -fluoruracil -cisplatin (PF) regimen, and the adverse events are tolerable [18] .
The study of J L OH and al demonstrated that IC followed by RCT in LA NPC (3cycles of IC consisting of cisplatin, 5FU, leucovorin and interferon-α2b were administered, followed by RCT consisting of 7 cycles of 5-FU, hydroxyurea and oncedaily RTon a week-on week-off schedule) resulted in excellentoverall survival at 3 and 5 years (respectively 88% and 77%). Progression-free survival (PFS) at 3 and 5 years was respectively 92% and 86% with acceptable toxicity .After IC, there were54.2% of complete response and 45.8% of partial response.After RCT ,there was 100% of complete response. At 5 years, actuarial locoregional control was 93% and actuarial distant control 92% [14] .
In 2004 ,ameta-analysis of Langendijk and al concluded that the addition of neoadjuvant chemotherapy to radiation resulted in a significant reduction (P=0 .005) of the incidence of locoregional recurrences (relative risk :RR, 0.74; 95% CI, 0.60 to 0.91) and significant reduction (P = 0 .0003) of the incidence of distant metastases, with an RR of 0.67 (95% CI, 0.54 to 0.83) without OS benefit (p = 0.13).There was no benefit to add adjuvant chemotherapy [13] .
In our study ,patients who received induction 5FU -CDDP regimen achieved higher complete clinical response rate compared with that of patients receivingTPF regimen probably because there were more stage IVA -IVB NPC in the TPF group. In order to refine indications of induction chemotherapy, prognostic factors and risk stratification could help. Response to induction chemotherapy may have potential clinical value. Liu and al. revealed that the unsatisfactory tumor response after induction chemotherapy (stable disease or disease progression) could predict poor prognosis for patients with advanced-stage NPC (locoregional relapse-free survival,PFS) [23] . However ;an another trial concluded that the overall tumor response after induction chemotherapy was an independent prognostic factor for disease-free-survival , OS and locoregional recurrence free survival [24] .
Han SH and al demonstrated that the efficacy of vinorelbine-cisplatin (NP) regimen induction chemotherapy plus concurrent chemordiotherapy for advanced NPC is similar to that of TP regimen. The 3-year overall survival rates, disease-free-survival rates, locoregional relapse-free survival rates and distant metastasis-free survival rates in the NP and TP groups were 84.2% and 82.9%, 71.1% and 74.3%, 89.5% and 91.4%, 81.6% and 77.1%, respectively (P>0.05). The toxicity of the NP regimen is lower than that of TP regimen [19] . In our study, NP regimen wasn't used. Several trials showed a benefit of TPF regimen.A phase II study showed that TPF induction chemotherapy followed by RCT had promising activity with manageable toxicity. The 3-year progression-free survival was 75.6% and the 3-year overall survival was 86.1%. [20] . According to Wen-Fei Li and al,the addition of TPF induction chemotherapy to RCTsignificantly increased failure-free survival, overall survival , and distant failure-free survival rates [21] . A Chinese study showed that IC followed by RCT was an effective treatment strategy for LA-NPC. Induction chemotherapy with TPF conferred satisfactory long-term survival and slightly improved PFS (77.0% vs. 73.5%; P = 0.510) and OS (80.7% vs. 77.9%, P = 0.446) as compared with the classic PF regimen, and toxicity was tolerable [22] .
In a randomized phase II trial, Hui et al. reported that neoadjuvant docetaxel-cisplatin followed by RCT provided a 3-year overall survival benefit in stage III-IVB NPC compared to RCT alone(94.1% vs 67.7%, p=0.012) . Acute and late toxicities and quality of life scores were comparable [15] . In our series, complete response after induction chemotherapy was 45% versus 54, 2% in the series of J L OH et al. RCT offered more remission than RT alone (85% VS 77%) which is similar to previous studies. The type of response after IC didn't affect OS. In contrast, there are negative studies. A greek phase II trial randomized 141 patients with LA-NPC to either 3 cycles of IC with cisplatin, epirubicin, and paclitaxel followed by definitive RT with concurrent weekly cisplatin versus RCT alone. There was no difference in the number of patients who completed radiation. There was no significant difference between the two treatment groups in OS (67% versus 72%, p = 0.65) and PFS (65% versus 64%, p = 0.71) [16] .
